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1 .O INTRODUCTION AND BACKGROUND 

This program was sponsored t o  i n v e s t i g a t e  the f e a s i b i l i t y  o f  a new lam ina t ing  
and coat ing concept fo r  reducing the gaseous pe rmeab i l i t y  o f  s e l e c t  polymeric 
f i  lms f o r  cryogenic serv ice . 

Polymeric f i l m s ,  namely Mylar and Kapton, have demonstrated good p o t e n t i a l  as 

expuls ion b ladder  ma te r ia l s  f o r  cryogenic f l  u i d  containment (References 1 , 2 ,  
3 and 7 ) .  One parameter h inder ing the successful  a p p l i c a t i o n  o f  these mater- 

i a l s  i n  cryogenic bladders i s  the d i f f u s i o n  o f  hydrogen and hel ium through 
the  f i l m  causing i n t e r p l y  i n f l a t i o n  o f  the bladder.  
lowers both f i l l  and expuls ion e f f i c i e n c y  and i n  extreme cases renders the 

bladder completely inoperat ive.  
from leakage o r  d i f f u s i o n ,  penneabi 1 i t y  t e s t s  on unf lexed 2-p ly  m a t e r i a l  sam- 
ples have demonstrated i n t e r f p l y  i n f l a t i o n  can occur as a r e s u l t  o f  d i f f u s i o n  

alone. 

An i n f l a t e d  b ladder  

A1 though i n t e r p l y  i n f l a t i o n  can r e s u l t  e i t h e r  

Over the years Boeing and others have attempted t o  reduce the pe rmeab i l i t y  of 
f i l m  by techniques such as vacuum deposi t ion,  chemical vapor deposi t ion,  
e l e c t r o l e s s  p l a t i n g  and laminat ing m e t a l l i c  f o i l s  t o  o r  between f i l m s .  
o f  these techniques has been successful t o  vary ing degrees i n  reducing the 
gaseous permeabi 1 i t y  , b u t  general l y  the coat ing th ickness requi  red  t o  prov ide 
low permeabi 1 i ty resul  t e d  i n  poor f l  exabi 1 i ty a t  cryogeni c temperatures. 

Each 

I n  1969 Boeing began development of a technique f o r  ob ta in ing  low pe rmeab i l i t y  

f i l m  t h a t  r e t a i n s  good f l e x i b i l i t y  c h a r a c t e r i s t i c s  a t  cryogenic temperatures. 
The development approach taken a t  Boeing was t o  m e t a l l i z e  two p l i e s  o f  polymer 
f i l m  and then t o  d i f f u s i o n  bond the  two p l i e s  together  a t  the metal-coated 

surfaces. 
using any convenient process (vacuum deposi t ion,  spu t te r i ng ,  e l e c t r o l e s s  
p l a t i n g ,  e t c . ) .  The coat ing on the bas i c  f i l m  may o r  may n o t  be impermeable 
t o  gases, b u t  when the two p l i e s  are d i f f u s i o n  bonded together,  t he  r e s u l t i n g  
metal f low and the s t a t i s t i c a l  d i s t r i b u t i o n  o f  holes i n  each f i l m  seals the 

pinholes forming a r e l a t i v e l y  impermeable f i l m - m e t a l - f i l m  laminate (Reference 

4 ) .  The r e s u l t i n g  m e t a l l i c  l aye r  i s  very t h i n  and f l e x i b l e .  

The t h i n  m e t a l l i c  coating, 5,000A t o  10,00OA, can be deposi ted 

1 



The diffusion bonded laminate concept has several unique advantages which 
are important i n  a cryogenic propellant system: (1)  permeability is  reduced 
as a result  of both metal flow d u r i n g  the d i f f u s i o n  process and the fac t  t h a t  
the pinhole i n  one metal f i l m  i s  covered by the other metal film; ( 2 )  
metal coating i s  a t  the neutral axis of the "sandwich" so t h a t  stressing of 
the metal i n  folds dur ing  flexing of a bladder wi l l  be reduced, thus prolong- 
i n g  integri ty;  ( 3 )  the metal coating will be protected from abrasion damage 
dur ing  subsequent bladder fabrication and assembly; and (4)  the metal coating 
cannot peel or flake d u r i n g  s t ress ,  thereby preventing the propellant from 
becoming contaminated d u r i n g  expulsion. This l a t t e r  p o i n t  is an important 
factor i n  obtaining a reliable propulsion system. 
temperature requirements imposed by the diffusion bonding process, the lami- 
nated concept could only be uti l ized with Kapton film. 
laminated Kapton films were compared t o  conventional metallized Kapton and 
Myler films t o  provide data control. 

the 

Due t o  the h i g h  processing 

I n  the program, the 

2 



2.0 SUMMARY 

The o b j e c t i v e  o f  t h i s  program was t o  determine the f e a s i b i l i t y  o f  reducing 

the gas pe rmeab i l i t y  r a t e  o f  Mylar and Kapton f i l m s  w i thou t  d r a s t i c a l l y  

a f f e c t i n g  t h e i r  f l e x i b i l i t y  c h a r a c t e r i s t i c s  a t  cryogenic temperatures. 

f e a s i b i l i t v  w c e s t a b l i s h e d  using a concept o f  d i f f u s i o n  bonding two l a y e r s  
o f  m e t a l l i z e d  f i l m s  together  forming a f i lm-meta l - f i lm  sandwich laminate. 
The pe rmeab i l i t y  o f  Kapton f i l m  t o  gaseous hel ium was reduced from a nominal 

2 10'9 cc - mm/cm-sec.-cm Hg t o  
values as low as cc - m/an - sec - cm Hg being obtained. S i m i l a r  
reduct ions occurred i n  the 1 i q u i d  hydrogen permeabi 1 i ty a t  -252OC (-423OF). 
I n  the course o f  t he  program the permeabi l i ty ,  f l e x i b i l i t y  and bond s t reng th  
o f  p la in ,  m e t a l l i z e d  and d i f f u s i o n  bond f i l m  were determined a t  +25OC (+70°F), 
-195OC (-320°F) and -252OC (-423OF). The f l e x i b i l i t y  o f  Kapton f i l m  was 

reduced s l i g h t l y  due t o  the m e t a l l i z a t i o n  process, b u t  no a d d i t i o n a l  l oss  i n  
f l e x i b i l i t y  r e s u l t e d  from t h e  d i f f u s i o n  bonding process. 

This 

_ _  - -  

cc - mn/cm2 - sec.-an Hg w i t h  some 
2 

Bond st rengths o f  the d i f f u s i o n  bonded laminates were as good as those 
obtained wi th the p l a i n  Kapton f i l m .  

3 



3.0 TEST PROGRAM 

The technical phase of this program was divided i n t o  three principal tasks. 
Task I consisted of basic film characterization. 
evaluated for  permeability and f lex ib i l i ty  to  establish a base l ine  for the 
studies which followed. In  Task I I  ten metallized film concepts were char- 
acterized and the three most promising concepts selected for more extensive 
evaluation in Task 111. The detai ls  of Task I ,  I1 and I11 are discussed in 
Sections 3.1, 3.2 and 3.3 respectively. 

Mylar and Kapton film were 

3.1 Film Characterization 

The objective of this task was t o  characterize each l o t  of Mylar and Kapton 
film used in the program. The data then served as a basis for comparison 
in assessing the effects of metallizing and laminating on reducing permea- 
b i l i t y .  The material selection was limited t o  two basic materials: type 
C Mylar film and Kapton polyimide film. Bo th  materials were evaluated i n  
0.00635 mm (1 /4  mil) and 0.0127 mm (1/2 mil) thicknesses. The film selection 
was limited t o  these materials since previous programs (References 1-3 and 7) 
have shown Mylar and Kapton t o  be the best materials for cryogenic expul- 
sion bladders. 

Film characterization consisted of measuring the permeability to  helium gas 
a t  21°C (+70"F), -195°C (-320°F) and -252°C (-423") and to  liquid hydrogen 
a t  -252°C (-423°F). 
unstressed condition. 
and interply inflation characterist ics were made. 
characterization tes ts  are given below. 

Determinations were made i n  bo th  the stressed and 
In addition t e s t s  for  film f l ex ib i l i t y  bond strength 

Details on each of the 

3.1 . 1 Permeabi 1 i ty  Measurements 

As stated above helium permeability determinations were made on each film 
a t  +21"C, -195°C and -252°C i n  both the unstressed and stressed (20% of u l t i -  
mate strength) conditions. Measurements were also made on the liqud hydrogen 
permeabi 1 i t y  ra te  a t  -252OC under similar stressed and unstressed conditions. 

4 
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The test specimen had an overall diameter of 24.13 cm (9.5 inches) w i t h  .953 
cm (.375 inches) diameter holes on a 10.16 an (4")  radius for mounting bolts. 
The effective test area was 17.78 cm (.7.0") i n  diameter f o r  an area of 248.16 
cm (38.47 in ) .  The specimen was installed in the fixture shown in Figure 1 
for  tes t .  

2 2 

For the helium permeation tests i n  the unstressed condition the specimen was 
pressurized w i t h  gaseous helium t o  a pressure differential (AP)  of 51.71 mn 
Hg (1 psi) across the sample. The sample was restrained w i t h  a porous backing 
plate (Figure 1 )  t o  maintain a state of zero stress. The cryostat was f i l l e d  
w i t h  the appropriate cryogenic ( l i q u i d  nitrogen for the -195°C tests and 
liquid hydrogen for the -252°C tests) t o  maintain the sample a t  the desired 

, . %  .. % 

. .  

temperature. The test gas passed t h r o u g h  coi 
prior t o  contacting the specimen to  b r ing  the 
temperature (see Figure 2 ) .  

The entire system was allowed t o  come to  equi 

s submerged i n  the cryostat 
gas t o  the desired test  

ibriun prior t o  making any 
measurements. This required about 30-45 minutes. The quantity of gas 
permeating the film sample was then measured with a helium mass spectrometer 
a t  standard condi ti ons . 
For the gas permeability determination of the film i n  the stressed condition 
(20%) the same procedures were utilized except the backing plate was removed 
from the permeability fixture and the ~p was increased t o  103 mm/Hg (1.5 
psi) for  the 1/2 m i l  film and held a t  51.71 mn Hg ( 1  psi) for  the 1 /2  mil 
film. This in effect stressed the film t o  20% of ultimate i n  the center 
section. The quant i ty  of pressure t o  apply t o  the film was determined by 
making a plot of material deflection versus pressure ( a t  room temperature) 
and calculating the stress on the film. 

Pressure, psi) (Radius o f  Curvature1 Stress = ( (2 )  (Film Thickness) 
. I  

The pressure a t  which  the film stress was approximately 20% of ultimate was 
then determined by interpol a t i  on. 

5 
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L i q u i d  hydrogen permeabi l i ty  r a t e  of the f i lms was determined us ing the  same 

basic  equipment and procedures used f o r  the hel ium t e s t s .  
was placed on the i n l e t  s ide o f  the sample and i n  the c ryos ta t .  The q u a n t i t y  

o f  hydrogen d i f f u s i n g  through sample was measured w i t h  a p la t inum f o i l  hydrogen 

analyzer (Boeing bui  1 t and patented). 

L i q u i d  hydrogen 

As a general procedure t o  minimize data s c a t t e r  and prov ide maximum data 

c o r r e l a t i o n ,  one sample was subjected t o  a l l  f o u r  pe rmeab i l i t y  t e s t s  
(R. T., -195"c, -252"c, and LH2) w i t h o u t  removing i t  from the t e s t  f i x t u r e  
o r  making any other a l t e r a t i o n s  which may in f l uence  the pe rmeab i l i t y  readings. 
I n  a few instances, due t o  specimen leakage, a ma l func t i on  o r  a f a i l u r e  i n  
the  seal ,  a new specimen had t o  be run. 

purged a f t e r  each data p o i n t  was obtained. 

I n  a l l  cases t h e  system was completely 

I n  a few instances the pe rmeab i l i t y  ra tes  exceeded 
b i  l i t y  o f  t he  detect ion equipment, f l o o d i n g  the system. When t h i s  occured 

the permeabi 1 i ty was measured by water displacement using the  technique 
shown i n  Figure 3 . The set-up shown e l iminates any back pressure and 

in f l uences  due t o  water head. 

cc/sec the capa- 

Both the  hel ium mass spectrometer and the  hydrogen gauge were c a l i b r a t e d  

a t  r e g u l a r  i n t e r v a l s .  The hel ium de tec to r  was c a l i b r a t e d  w i t h  a standard 
leak ( Veeco - Model SC-4 ) and the hydrogen gauge was c a l i b r a t e d  

w i t h  a Faraday c e l l .  The complete t e s t  set-up i s  shown i n  Figure 4 . 

The averages o f  the pe rmeab i l i t y  data are p l o t t e d  i n  Figures 5 andE andTable I, 
Deta i l ed  data a r e  contained i n  Table I 1  and Figures 7 - 16 . I n  
Table I the average pe rmeab i l i t i es  have been converted t o  standard u n i t s .  

These data compare favorably w i t h  o the r  data repor ted i n  t h e  l i t e r a t u r e  and 
w i t h  data repor ted by duPont i n  t h e i r  f i l m  brochures. 

Approximately twelve attempts were made t o  conduct pe rmeab i l i t y  readings on 
stressed 1/4-mil  Mylar f i l m  a t  cryogenic temperatures w i thou t  success. The 

f i l m  ruptured w i t h  as l i t t l e  as 10 mm Hg (0.2 p s i )  pressure d i f f e r e n t i a l  
making i t  impossible t o  ob ta in  a reading. By comparison the 1/4-mil  Kapton 
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FIGURE 7 - HELIUM PERMEABILITY - 0.25 MIL (0.00635 MM) UNSTRESSED MYLAR 
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performed well w i t h  a 51.71 mm Hg (1 psi) A P. 
performed on the 1/4-mil Mylar. 

NO further tes t s  were 

Under a l l  conditions t h e  Mylar and Kapton films exhibited almost identical 
permeabi 1 i ty t rends.  
t o  b o t h  films unless otherwise noted. 

Except for the unstressed 1/4-mil Kapton in which the -195°C (-320°F) per- 
meability was about the same as t h a t  a t  room temperature, the helium pernea- 
b i l i ty  increased w i t h  a decrease in temperature i n  a l l  the 1/4-mil films. 
The same was true of the 1/2-mil films between -195°C and -252°C. 
the 1/2-mil unstressed films showed a decrease i n  helium permeability w i t h  
decreasing temperature to -195°C whereas the 1/2-mil stressed film he1 ium 
permeabilities were about the same a t  room temperature and -195°C. 

The following analyses and  conclusions therefore apply 

I (  

However, 

< 

Stressing the films t o  20% of ultimate strength increases the helium per- 
meability 1 t o  3 orders of magnitude while a t  the same time decreasing the 
f i lm's  permeability t o  liquid hydrogen a t  -252°C. 

A t  -252°C both film thickness evaluated are more permeable t o  LH2 t h a n  t o  
GH,. 
permeable t o  the GH,. 

However, when stressed the inverse i s  true w i t h  the films being more 

There was less data sca t te r  and lower specific permeability in the 1/2-mil 
films than i n  the 1/4-mil films i n d i c a t i n g  better quality and uniformity. 
I n  general, the Kapton film appears t o  be of better quality regardless of 
temperature, s t ress ,  or thickness. This conclusion was also reflected i n  
the results o f  the other tes t s  ( i  .e. , Twist-Flex, bond-strength, e t c . )  
conducted i n  Task 1 .  

3.1.2 Film Flexibility 

The f lex ib i l i ty  of each film materials a t  cryogenic temperatures (-195°C 
and -252°C) was determined using the "Twist-Flex" method (References 1, 3 and 
7 :. 
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. .. i 

I 

- 1  

The T w i s t - f l e x  t e s t  apparatus i s  descr ibed and i l l u s t r a t e d  i n  d e t a i l  i n  

References 
8.89 cm (3.5 i n )  diameter hor izon ta l  p a r a l l e l  c i r c u l a r  p l a t e s  centered on 

the  same v e r t i c a l  ax is .  
system submerged i n  the t e s t  cryogen ( l i q u i d  n i t rogen  o r  l i q u i d  hydrogen). 

Dur ing operat ion,  the p la tes  o s c i l l a t e  h o r i z o n a l l y  over a 90" angle w h i l e  
undergoing a simultaneous v e r t i c a l  o s c i l l a t i o n  o f  3.33 cm (1.313 inches)  

causing a t w i s t  f l e x i n g  motion as shown i n  F igure 

3 and 7, b u t  b r i e f l y ,  the t w i s t - f l e x  t e s t e r  r o t a t e s  one of two 

The t e s t  specimen i s  fastened t o  the p la tes  and the 

17 . 

The t w i s t - f l e x  sample i s  nominal ly 10.16 cm (4  inches)  wide by 27.94 cm 

(11 inches) long. Around the per iphery on each s ide  o f  the  specimens a 
1.25 cm (0.5 i n c h )  s t r i p  o f  GT-300 heat  s e n s i t i v e  tape was bonded t o  pre- 

vent  crack propagations from the  c u t  edges. P r i o r  t o  test ing,each sample 
was leak tes ted  f o r  defects  using the  procedures s p e c i f i e d  i n  Reference 3 

Any sample showing detectable leakage ( > 3 x cc/sec) was discarded. 

The t e s t  specimens were each cycled f o r  a predetermined number o f  cyc les  
then removed and inspected. I f  a sample appeared i n t a c t  then the number 

o f  cycles f o r  t h e  nex t  sample was increased i n  an at tempt t o  e s t a b l i s h  a 
th resho ld  value . 
cycles f o r  the  subsequent sample was reduced. 
p le ted,  the i n t a c t  samples were rechecked for hel ium leakage and t h i s  value 

recorded. 

I f  the sample was v i s i b l y  damaged then t h e  number o f  
A f t e r  the  t e s t i n g  was com- 

The r e s u l t s  o f  the  Twist-Flex t e s t s  are shown i n  Table 111,The 1/2-mil  Mylar 

remained r e l a t i v e l y  i n t a c t  up t o  120 cycles a t  -195°C and 15 cycles a t  -252°C. 
The 1/4-mil  Mylar  went 200 cycles a t  -195°C and 20 cyc les a t  -252°C. The 

Kapton f i l m s  performed b e t t e r  than Mylar  i n  each o f  t h e  thicknesses tested.  
The 1/2-mil  Kapton wi thstood 287 cycles a t  -195°C and 37 cycles a t  -252°C. 

The 1/4-mil Kapton was cycled 875 and 350 cycles a t  -195°C and -252°C respec- 
t i v e l y .  The Twist-Flex t e s t  gave e x c e l l e n t  r e p r o d u c i b i l i t y  and even w i t h  

on l y  f i v e  samples the threshold was bracketed reasonably w e l l .  

t h a t  poss ib l y  helped t o  reduce t h e  s c a t t e r  was t h a t  no sample was Twist-Flex 

tes ted  t h a t  revealed p inho le  leakage ( > 
ind i ca ted  above. 

One f a c t o r  

cc/sec) when checked as 

27 
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TABLE I11 TWIST-FLEX TEST1 NG RESULTS 

Fi lm 

My1 ar 

My1 ar 

My1 ar 

My1 ar 

Kapton 

Spec. No. 

T1/2M -1 
-2 
-3 
-4 
-5 
-6 

T1/2M -7 
-8 
-9 

-10 
-1 1 

T1/4M - 1 
-2 
-3 
-4 
-5 
-6 

T 1/4M -7 
-8 
-9 
-10 
-1 1 

T1/2K- 1 
-2 
-3 
-4 
-5 
-6 

Film 
T hi c kness 
mils (mm) 

.5 (0,127) 
I1 

II 

11 

0 

I1 

.5 (.0127) 
I1 

II 

I1 

I 1  

.25 ( .OM35 
I 1  

I 1  

11 

I t  

I 1  

.25 ( .00635 
11 

11 

I1 

11 

.5 ( .0127) 
I1 

11 

I 1  

I 1  

I 1  

rest Temp. 
O F ( O C )  

-423 (-252) 
I 1  

11 

I 1  

II 

I1 

-320 (-195) 
I 1  

11 

II 

II 

-423 (-252) 
II 

II 

II 

I 1  

I 1  

-320 (-195) 
II 

I 1  

11 

I 1  

-423 ( -252) 
I 1  

II 

II 

I 1  

II 

Cycles 

100 
75 
50 
25 
15 
20 

30 
60 

120 

1 50 
135 

15 
25 
20 
22 
21 
20 

1 50 
200 
250 
225 
21 2 

20 
40 
25 
30 
35 
37 

Results 

Torn 
Torn 
Torn 
Torn 
Intact 
Torn 

Intact 
Intact 
Intact 

Torn 
Torn 

Intact 
Torn 
Intact 
Torn 
Torn 
Intact 

Intact 
Intact 
Torn 
Torn 
Torn 

Intact 
Torn 
Intact 
Intact 
Intact 
Intact 

Leak Rate 
After Test 
cc/sec 

- - - - 
17 - 
9.5 
79 
> 200 

- - 
0.79 

0 
- 
- - 
0.003 

140 
13.7 - - 
- 

27.7 

0 
0.00033 
No test 
0.001 33 

- 
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Film 

Kapton 

Kapton 

Kapton 

TABLE 11 I TWIST-FLEX TESTING RESULTS (Continued) 
~ 

Spec. No. 
T1/2K-7 

-8 
-9 
-10 
-11 

T1/4K- 1 
-2 
-3 
-4 
-5  
-6 

T 1/4K- 7 
-8 
-9 
-10 
-11 

Fi  Im 
T hi c kness 
mils (mm) 

.5 (.0127) I 

I 

.25 ( ,00635) I 

.25 ( 00635: 

'est Temp . 
O F  ("C) 
-320 (-1 95) I 
-423 (-252) 

i 
-320 (-195) 

Cycles 

300 
2 50 
300 
275 
287 

90 
1 00 
200 
3 00 
4 23 
3 50 

3 00 
400 
500 
700 
875 

Results 

Torn 
Intact 
Torn 
Intact 
Intact 

Intact 
intact 
Intact 
intact 
Torn 
Intact 

Intact 
Intact 
intact 
In tact 
intact 

Leak Rate 
After Test 

cc/sec 

- 
0 

0 
- 

0.0005 

0.002 
0.0423 
0.066 
0.0023 - 

21 .o 

0.0233 
0.155 
0.0883 
0.12 
1.06 



3.1.3 Bond Strength Tests 

I 

- .  

. .  . i' 

The purpose o f  these t e s t s  were t o  e s t a b l i s h  the  base l ine  bond s t reng th  of 

Mylar and Kapton f i l m  u t i l d z i n g  e i t h e r  GT-100 o r  GT-300 adhesives (GT Sch je l -  
dah1 Co.). GT-100 i s  an unbacked adhesive f i l m  0.5 m i l s  t h i c k  and GT-300 i s  
a Mylar  (0.5 m i l s )  backed adhesive f i l m  aJso 0.5 m i l s  t h i c k .  
bondable. 

i a l  and f i l m  th ickness as shown i n  F igure 18. 
a t  165OC - + 5°C (330" - + 10°F) was used t o  make the  j o i n t s .  

Both are  heat 

A hand he ld  sea l ing  i r o n  se t  
B u t t  and l a p  j o i n t  conf igurat ions were s tud ied  w i t h  each f i l m  mater- 

The r e s u l t s  of the  bond st rength t e s t i n g  o f  the l ap -  and bu t t - t ype  j o i n t s  
a t  R.T., -195"C,-252"C are tabulated i n  Tables I V  t o  X I .  

t es ted  t o  f a i l u r e  i n  an Ins t ron  t e s t  machine us ing  the  load r a t e  i nd i ca ted  
i n  the  tab les ,  

The specimens were 

Terminology used i n  descr ib ing the  type o f  f a i l u r e s  occur r ing  i n  the  bond 
specimens i s  expla ined below: 

FAILURE TERMINOLOGY 

FAILURE FA1 LURE 
LOCATION TYPE 
Gr ip  F i lm  F i l m  f a i l u r e s  i n  the  specimen g r i p s  o r  

Tensi le  
o r  Tear 

w i t h i n  3.15 mm (0.125") o f  g r i p s .  

Adjacent F i lm  F i lm  f a i l u r e s  w i t h i n  3.18 mm (0.125") o f  
Tens i le  
o r  Tear 

j o i n t  b u t  n o t  w i t h i n  the  j o i n t  i t s e l f ,  

F i  l m  
1 .. 

.. . 

Bond 

F i  l m  
Tens i le  
o r  Tear 

S ing le  f i l m  f a i l u r e s  3.18 mm (0.125") 
from . j o i n t  t o  3.18 nun (0.125") from g r i p .  

Bond 
Shear tears  w i t h i n  the  j o i n t .  

Fa i l u res  o f  the  adhesive j o i n t  o r  f i l m  

A l l  j o i n t  r e s u l t s  were considered s a t i s f a c t o r y  i n  t h a t  the j o i n t s  appear as 

s t rong as o r  st ronger  than the f i l m .  
the r e s u l t s  obtained under IJASP, Contract  NAS3-7944 (Reference 5) .  

The r e s u l t s  a l so  compare favorab ly  w i t h  

31 
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n r t l  1-1 1.27 cm T F F U S I O N  BONDED 
LAYER 

D I  FFUS I O N  
LAMINATE 

BONDED 

BUTT JOINTS 
1.00" 
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(d) PLAIN FILM 

GT-300 ADHESIVE \ 

1.00" 
METALLIC COATING 

(e) METALLIZED FILM 

GT-300 ADHESIVE 
1.00" 

DIFFUSION BONDED 
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FIGURE 18 JOINT CONCEPTS 
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3.1.4 Interply Inflation Tests 

i 

. .  

_ .  . ,. 

, 

. . .  I 

The purpose o f  the interply inflation tes t s  was to  assess the quantity o f  gas 
and/or  cryogen d i f f u s i n g  through the polymeric films a t  cryogenic temperatures. 
Tests under NASA Contract NAS3-6288 (Reference 3) indicated that  i n  times as 
short as 5 minutes sufficient gas permeation occurred through the poljmeric 
films a t  low temperatures t o  cause interply inflation of bladders d u r i y  
warm-up. 

The t e s t  samples consisted o f  two plies of  Mylar or Kapton, 10.16 cm x 27.9 
an (4" x 11") i n  s ize ,  bonded together around the edges w i t h  GT-100 and -300 
adhesive as shown in Figure 19 to  form an enclosed envelope. Each p l y  o f  
film was inspected for  leakage prior t o  assembling the sDecimen to  insure 
integrity of the film. 
discarded. The thickness o f  the sample was then measured ( i n  case a i r  was 
trapped i n  the specimen during sealing) a t  room temperature. 
thickness the entrapped gas was forced t o  one end of the specimen and an 
average thickness reading obtained. 
X I 1 1  shows none of the samples contained in i t i a l ly  entraDped a i r .  
sample was submerged i n  ei ther l i q u i d  nitrogen or  liquid hydroqen, depending 
on the t e s t  temperature desired, for  5 minutes. 
over, the sample was imnediately w i t h d r a w n  from the cryogen and permitted t o  
warm up t o  room temperature. 
film, the sample would expand as the temperature increased. 
Tables X I 1  and X I 1 1  shows, no evidence of interply i n f l a t i o n  was noted. 

Films showing detectable leakage ( >  lo4 cc/sec) were 

To measure t h a t  

However, as the data i n  Tables X I 1  and 
Next the 

After the time period was 

I f  any f luid (gas or l i q u i d )  permeated the 
As the data i n  

Since the results o f  the -195°C and -252°C interDly i n f l a t i o n  tes t s  were 
contrary t o  results previously published for the Mylar and Kapton film 
(References 3 and 7 ) ,  several additional tes ts  were conducted to  insure t h a t  
the results were valid. 

F i r s t  the submersion time on selected samples was increased t o  30 minutes i n  
both l i q u i d  nitrogen and liquid hydrogen and again no i n f l a t i o n  occurred. 
One Mylar and one Kapton specimen was then submerqed f o r  24 hours i n  l i q u i d  
nitrogen w i t h  no evidence o f  i n f l a t i o n .  Finally, specimens o f  1 / 4  mil  Mylar  
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G T - 1 0 0  and -300 Adhesive 4 

G T - 1 0 0  Adhesive - F i l m s  

f 
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1 
cm 

GT-300  Adhesive (Mylar Backed) 

FIGURE 19 INTERPLY INFLATION SPECIMEN 
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FIGURE 20 INTERPLY INFLATION SPECIMEN IN INFLATED CONDITION 
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and 1/4 mil Kapton were intentionally punctured w i t h  one very small pinhole 
and then submerged in liquid nitrogen for a period o f  5 minutes. 
specimens were removed they immediately inflated t o  approximately 5.1 cn: 
( 2  inches) i n  depth, indicating inflation will occur rapidly i f  f luid i s  
allowed t o  penetrate the film. 

When the 

The inflated specimen is shown i n  Figure 20. 

From these tes t s  i t  was concluded t h a t  careful screening of the film samples 
can minimize and possibly eliminate interply inflation. 
e s t  imperfection (pinhole, poor seam, t h i n  s p o t ,  e tc . )  will permit inflation 
t o  occur. However, on a bladder of any substantial s ize  i t  may be very dif-  
f i c u l t  t o  eliminate a l l  o f  these defects. I t  should be noted t h a t  several 
areas of the as-received films ( b o t h  Mylar and Kapton i n  both thickness) had 
t o  be rejected due t o  pinholes and imperfections. I f  samples had been taken 
from these areas then interply inflation would have occurred i n  these tes t s .  

However, the s l i g h t -  
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3.2 Pre l iminary Coating Evaluat ion 

The o b j e c t i v e  of t h i s  phase o f  the program was t o  s e l e c t  t en  bas i c  coa t ing  
concepts and determine t h e i r  e f fect iveness i n  reducing the pe rmeab i l i t y  o f  

e i t h e r  Mylar, Kapton o r  both. This  work on p re l im ina ry  coat ing evaluated 
c o n s t i t u t e d  Task I 1  o f  the program. 

3.2.1 Coating Concepts . _ _  -_ 

The coat ing concepts s tud ied  i n  t h i s  Dhase o f  the program are shown i n  Table 
X I V .  
layers o f  m e t a l l i z e d  Kapton f i l m  were d i f f u s i o n  bonded together.  

i n g  fou r  concepts were m e t a l l i z e d  f i l m s  (one s ide  o n l y ) .  

S ix  o f  the concepts invo lved a laminate cons t ruc t i on  i n  which two 

The remain- 

The s e l e c t i o n  o f  a coat ing concept was based on achieving the maximum 
reduct ion i n  the pe rmeab i l i t y  w i t h  the minimum e f f e c t  on the a b i l i t y  o f  My la r  
and Kapton f i l m s  t o  perform s a t i s f a c t o r i  l y  i n  cryoqeni c b ladder  a p p l i c a t i o n s .  

The coat ing p rooer t i es  t h a t  had t o  be considered were: 
res is tance,  adhesion, f a b r i c a b i l i  t y  and thickness. 

d u c t i l i t y ,  co r ros ion  

It was des i red t h a t  the coating be d u c t i l e  and n o t  work harden i n  order  t o  

prov ide maximum f l e x  l i f e .  Corrosion res is tance was des i rab le  t o  Dreserve 
coa t ing  c o n t i n u i t y  dur ing bladder f a b r i c a t i o n  and storage. 

metals p o t e n t i a l l y  met these requirements ; aluminum, copper, gold,  and 

s i  1 ver. 

The f o l  lowing 

Good adhesion was necessary i n  o rde r  t o  mainta in  coat ing i n t e g r i t y ,  b u t  
adhesion i s  r e l a t e d  t o  the app l i ca t i on  method as w e l l  as the coa t ing  metal 

and substrate.  

The laminate concept (sandwich cons t ruc t i on )  i n d i c a t e d  i n  Table X I V  s i l l u s -  

t r a t e d  i n  Fig. 21. 

by e i t h e r  s p u t t e r i n g  o r  vacum-deposi t ion (o the r  processes could be used) , tak- 
i n g  care t o  keep a l l  surfaces clean. 
stacked w i t h  the two meta l l i zed  surfaces i n  contact  w i t h  one another. H e a t  and 

pressure [300°C (575°F) and 84.4 Kg/cm2 (1200 p s i )  f o r  5 minutes] are then 

With t h i s  concept, t h e  Kapton f i l m  i s  m e t a l l i z e d  on one s ide  

Two sheets o f  the m e t a l l i z e d  f i l m  are then 



TABLE X I V  PROPOSED COATINGS 
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app l i ed  t o  d i f f u s i o n  bond the t w o  surfaces together.  
surface i s  o f  high q u a l i t y  ( low p o r o s i t y ) ,  then the two surfaces tend t o  seal  
the pores i n  the other, thereby reducing the  o v e r a l l  pe rmeab i l i t y  o f  t he  f i l m  

s u b s t a n t i a l l y .  
poo r l y  metal 1 i zed KaDton f i  l m .  

pores i n  the coating which are no longer  v i s i b l e  i n  the d i f f u s i o n  bonded 
po r t i on .  
go1 d metal  1 i zed Kapton. 

I f  the m e t a l l i z e d  

The p r i n c i p l e  i s  i l l u s t r a t e d  i n  Figure 22 w i t h  two p l i e s  of 

The i ndi  v i  dual metal li zed fi l m s  have v i  s i  b l e  

Figure 23 shows the  d i f f u s i o n  bonded i n t e r f a c e  o f  two l aye rs  o f  

O f  the p o t e n t i a l l y  usefu l  metals f o r  coat ing,  g o l d  best f u l f i l l e d  the requi re-  
ments o f  the sandwich concept. Gold i s  r e a d i l y  d i f f u s i o n  bonded a t  tempera- 

tures (and pressures) t h a t  can be wi thstood by the Kapton f i l m .  I t  i s  Drob- 
able t h a t  processes could be developed f o r  using aluminum, copper, o r  s i l v e r ;  
however, techniques f o r  prevent ing ox ida t i on  o f  t he  coatings p r i o r  t o  d i f f u -  
s i o n  bonding would complicate processing. 

t h i s  concept. 
Therefore g o l d  was used t o  evaluate 

A p p l i c a t i o n  methods considered f o r  apply ing the g a l d  coat ing inc luded spu t te r -  
ing,  vacuum deposit ion, e l e c t r o l e s s  p l a t i n g ,  chemical vapor deposi t ion,  and 

i o n  beam. Sput ter ing and vacuum deposi t ion were se lected f o r  t h i s  program. 
Spu t te r i ng  has been shown t o  be capable o f  apply ing g o l d  i n  a dense, uniform, 
adherent coat ing o f  con t ro l  l e d  th ickness. The method i s  genera l l y  s u f f i c i e n -  
t l y  energe t i c  t o  e f f e c t  good adhesion between the r e l a t i v e l y  i n e r t  g o l d  and 
Kapton, b u t  f o r  r e l i a b i l i t y  a f l a s h  (500 A )  coat ing o f  chromium was i n i t i a l l y  
app l i ed  t o  the Kapton, increas ing the adherence o f  the m e t a l l i z a t i o n .  

During spu t te r i ng ,  atoms o f  the coat ing m a t e r i a l  bombard the subst rate a t  an 
extremely h igh ve loc i t y .  Sputtered atoms have a ver,y h igh  energy (1-10 e lec-  
t r o n  v o l t s )  as compared w i t h  o the r  deposi t ion techniques ( t y p i c a l l y  0.1 e lec-  

t r o n  v o l t )  so  tha t  a s t rong bond i s  made w i t h  the subst rate and a dense, un i -  
form, nonporous coating i s  formed. A sput tered coat ing i s  shown i n  F igu re  24. 

Vacuum deposi t ion i s  a w e l l  es tab l i shed  process r e s u l t i n g  i n  un i form coat ings.  
However, i t  i s  desirable t o  prepare the Kapton surface by an i n i t i a l  min imum 

deposi t ion o f  an act ive meta l ,  such as chromium, p r i o r  t o  deposi t ing g o l d  w i t h  
the vacuum process i n  order t o  e f f e c t  good adhesion. Since vacuum depos i t i on  
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Diffusion Bon d e 

Unbonded c 
FIGURE 22 VACUUM DEPOSITED GOLD ON KAPTON FILM - 

AFTER DI FFU S I 0  N BO NDI NG 
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FIGURE 23 DIFFUSION BONDED GOLD-KAPTON FILM 
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FIGURE 24 SPUTTERED GOLD COATING ON 1/4 MIL KAPTON FILM - 
CROSS-SECTION VIEW (5000 X) 
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is  a reliable coating process and widely used, i t  was desirable t o  compare 
i t  w i t h  a sputtered coating w i t h  the diffusion bonding concept as shown i n  
Table X I V .  

The "sandwich" concept i s  not  applicable to Mylar because of the relativelv 
h i g h  temperature required for diffusion bonding, and therefore the single ply 
concept as indicated i n  Table X I V  was evaluated. 
t h i n  b u t  dense coating that is not  obtainable by the other p l a t i n g  techniques. 
Aluminum was selected since i t  i s  an active metal that  adheres relatively well 
t o  both  Kapton and Mylar. 
process. For comparison, aluminum was a l s o  sputtered on Kapton. B o t h  coatings 
had a flash of chromium (500 A )  applied to  increase adherence . 
desirable to  evaluate the performance of a single coating of aluminum on Mylar 
and Kapton since i t  represented the simplest practical approach using an avail- 
able coating technique t o  meet the objectives of this  program. 

Sputtering provides a very 

S p u t t e r i n g  of aluninum on Mylar i s  an established 

I t  appeared 

Selection of coating thickness was a compromise between a t h i n ,  f lexible 
coating t h a t  may have, inherently, a relatively high permeability and a thick 
coating t h a t  would i n h i b i t  the cryogenic f l ex ib i l i t y  of the polymeric film. 
Based on h a n d l i n g ,  visual observations, and limited t e s t  d a t a  on coated films, 
a thickness of 10,000 w appeared reasonable as a s t a r t i n g  point for  evaluating 
concept feasibi l i ty .  This amount of metal deposition was acceptable f rm both 
the application and diffusion bonding standpoint for  the sandwich concept, and 
has a significant thickness for  reducing permeability, and does not affect  the 
handling of the polymer film. 
thickness on permeability and film performance, a second thickness of 5,000 
was a rb i t ra r i ly  selected. 

In order t o  evaluate the effect  of coating 

3.2.2 Permeabi 1 i t y  Tes ti  ng 
The permeability of the metallized film concepts t o  helium gas a t  +25"C was 
determined w i t h  the film i n  a s t a t e  of zero and 20% stressed condition. 
t es t s  were made u s i n g  the same apparatus and procedures used i n  the preliminary 
film characterization studies (Paragraph 3.1.1). 

The 

The results of the permeability tes t s  are presented i n  Tables XV and X V I .  

Table X V  shws the individual t e s t  values of the stressed and unstressed 
films while Table X V I  presents the average specif ic  permeabi l i  t y  rates. 
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The t e s t  specimens can be class fied into four categories: (1) plain film, 
(2)  film metallized one-side only, (3) sputtered coating followed by diffu- 
sion bonding, and  (4)  vacuum deposited coating followed by diffusion bonding. 
Each of these materials are discussed in the following paragraphs. 

a .  Plain Film - The plain Mylar and Kapton films were tested primarily t o  
serve as control with most of the d a t a  coming from Task I ,  Section 3.1. 
Restating some of the conclusions from Section 3.1: the Kapton film i s  
less permeable t o  helium gas than the Mylar films of comparable thick- 
ness. I n  both  types of films the 0.25 mil thick film i s  significantly 
more permeable and i s  less uniform t h a n  a 0.50 mil film. 
plain film (20% biaxial) increases the helium permeability by .1 t o  3 
times over the non-stressed film. 

Stressing the 

b .  Metallized Film (one side only) - Samples of Mylar and Kapton were 
sputter-coated with gold and aluminum t o  assess the effectiveness of 
such a coatinq t o  reduce permeabi 1 i t y .  
erences 4 and 6 ) t h a t  vacuum metallizing alone i s  n o t  an effective 
means of reducing the gas permeability rate through a thin polymeric 
film. 
coating and i t  was anticipated t h a t  reduced permeability would be 
realized. The results show t h a t  a single sputtered coating does reduce 
the helium permeability by approximately 2 orders of magnitude over the 
plain film w i t h  no significant difference being noted between a gold or 
aluminum coating. 
the difference i n  permeability rates between the stressed and non-stressed 
film was reduced s l ight ly .  

Tests have demonstrated (Refer- 

Sputtering on the other hand,  produces a more dense and uniform 

In  addition t o  reducing the permeability of the film, 

c. Laminated Film (Sputtered Coati% - Diffusion Bonded) - Diffusion bond- 
ing of sputtered coatings reduces the film helium permeability by a t  
least  four magnitudes over the plain film and appears independent of 
the thickness of the metallized coating. 
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As s ta ted  e a r l i e r ,  the p l a i n  1/2 m i l  t h i c k  f i lms  have a s l i g h t l y  lower 

pe rmeab i l i t y  r a t e  than the  1/4 m i l  t h i c k  f i l m s  due t o  improved u n i f o r m i t y  
and t h i s  i s  s t i l l  ev ident  i n  t h e  m e t a l l i z e d  and d i f f u s i o n  bonded f i l m  
specimens made from the t w o  f i l m  thicknesses. 

Apply ing a 20% b i a x i a l  stress t o  the f i l m s  increases the hel ium permea- 

b i l i t y  o f  each specimen type, whether p l a i n ,  m e t a l l i z e d  or d i f f u s i o n  
bonded. 

appear t o  d e t e r i o r a t e  the d i f f u s i o n  bond b u t  i n  some cases increased the  
hel ium pe rmeab i l i t y  by two orders o f  magnitude over the unstressed f i l m .  

Even so, the s t ressed d i f f u s i o n  bonded specimens had a lower pe rmeab i l i t y  
than the unstressed metal 1 i zed f i  l m .  

St ress ing a d i f f u s i o n  bonded specimen does n o t  delaminate o r  

d. Laminated F i l m  (Vacuum Deposited Coating - D i f f u s i o n  Bonded) - D i f f u s i o n  

bonding f i l m s  having a vacuum deposited coat ing r a t h e r  than a sput tered 

coat ing i s  n o t  an e f f e c t i v e  method o f  reducing pe rmeab i l i t y .  The hel ium 
pe rmeab i l i t y  o f  a d i f f u s i o n  bonding o f  f i l m  w i t h  vacuum deposi ted coat-  

i n g  i s  i n  the  range o f  
magnitude as the unbonded f i l m  w i t h  a sput tered coat ing on one side. 

Consequently, there i s  l i t t l e  advantage t o  d i f f u s i o n  bonding two f i l m s  
when the  same r e s u l t s  can be obtained by merely apply ing a sput tered coat-  
i n g  r a t h e r  than a vacuum deposited coat ing.  
t rend  should be noted from these r e s u l t s .  
a vacuum deposited coat ing on one s ide  has a hel ium pe rmeab i l i t y  r a t e  

i n  the same range as t h a t  o f  p l a i n  f i l m  o r  lo-’ cc-m/cm sec. cm Hg. 
D i f f u s i o n  bonding the vacuum m e t a l l i z e d  f i  l m  reduces the pe rmeab i l i t y  

by 2 orders o f  magnitude o r  t o  cc-m/cm sec. an Hg. S i m i l a r l y ,  
d i f f u s i o n  bonding a f i l m  w i t h  a sput tered m e t a l l i z e d  coat ing reduces 
the  pe rmeab i l i t y  from 10-l ’  t o  This 
demonstrates d i f f u s i o n  bonding two m e t a l l i z e d  f i l m s  together  i s  an 
e f f e c t i v e  method o f  reducing gas permeation b u t  the degree o f  reduc- 

t i o n  i s  h i g h l y  dependent upon the q u a l i t y  o f  the m e t a l l i z e d  coat ings.  
Ev iden t l y  t h e  p o r o s i t y  o f  the vacuum deposited coat ing was s u f f i c i e n t l y  

h igh  t h a t  the pore could not be e f f e c t i v e l y  sealed. 

2 cc-mm/m sec cm Hg, which i s  the same 

However, one impor tant  
A t h i n  polymeric f i l m  w i t h  

2 

o r  2 orders o f  magnitude. 
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d. (cont.) 
The thickness of the metallized coating, w i t h i n  the ranqe tested,  had  

n 

no significant effect  on the permeability. 
were jus t  as effective as the 10,000A coating, indicating t h a t  the 
break-off p o i n t  i s  somewhat less t h a n  5 , O O O i .  

T h a t  i s ,  the 5000A coatings 
0 

3.2.3 F i l m  Flexibility 
Twist-flex specimens were prepared from each of the 10 materials shown i n  
Table X I V .  I n  addition, several control samples were tested t o  provide d a t a  

described i n  Section 3. 
was conducted a t  -320°F 

The presence of a metal 
or vacuum deposited and 

comparisons. The specimens and t e s t  procedures were the same as those 
.2. The d a t a  i s  presented in Table X V I I .  All testing 
(-195°C). 

ized surface on the polymeric f i  lms , e i ther  sputtered 
whether or not i t  has been diffusion bonded i n t o  a 

Diffusion bonding i t s e l f ,  laminate, reduces the Twist-flex l i f e  of the film. 
however, does not appear t o  influence the Twist-flex l i f e .  For example, 1/4 
mil Kapton laminate with 1 0 , O O O A  of sputtered gold ( total  laminate thickness = 

1 /2  mil) had  an endurance limit of 50-60 cycles, while an unlaminated sample 
of the same metallized film ( to ta l  thickness = 1/4 mil) went less t h a n  75 
cycles. 
t i a l l y  lawer threshold, b u t  this was not the case. 
obtained w i t h  the 1 / 2  mil Kapton film. 
with the vacuum-metallized diffusion-bonded specimens, b u t  the d a t a  sca t te r  
makes i t  diff icul t  t o  assess. 

The diffusion bonded sample being thicker should have h a d  a subs tan-  
A s imilar comparison was 

A similar trend seemed to  be present 

The 1/4 mil film samples sputtered w i t h  aluminum had a lower threshold t h a n  
the same film sputtered w i t h  gold. The 1/4 mil Kapton film sputtered with 
aluminum had a damage threshold a t  about 40 cycles compared t o  a threshold 
value of 75 cycles for  sputtered g o l d  on 1 /4  mil Kapton. Comparing the 
results shown i n  Table X V I I ,  i t  appears t h a t  both metallizing processes 
degrade the twist-flex l i f e  with the vacuun metallizing, causing more sca t te r  
t h a n  sputtering , a1 though the 1 a t t e r  process causes more degradation 
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tiowever, i n  apply ing the aluminum coat ing,  a h igher  p a r t i c l e  energy l e v e l  
was requ i red  i n  the spu t te r i ng  operat ion t o  promote good adherence o f  t h e  

aluminum and could account f o r  t he  g rea te r  degradation. 

A l l  t he  m e t a l l i z e d  f i l m s  had a lower threshold value than t h e  p l a i n  f i l m s  
which i n d i c a t e d  t h a t  m e t a l l i z i n g  by e i t h e r  process (i .e. vacuum-deposition 

o r  s p u t t e r i n g )  d e t e r i o r a t e s  the f l e x i b i l i t y  o f  the f i l m .  

order t o  reduce f i l m  permeabi l i ty  i t  appears t h a t  a s a c r i f i c e  i n  f i l m  
f l e x i b i l i t y  w i l l  r e s u l t .  I t  i s  s i g n i f i c a n t  t o  note i n  F igure 25 t h a t  metal-  

l i z e ?  d i f f u s i o n  bonded Kapton film, even though i t  i s  degraded by m e t a l l i z a -  
t i o n  has a t w i s t - f l e x  l i f e  which i s  as good as Clylar f i l m  o f  t he  same t h i c k -  

ness. 

Therefore, i n  

3.2.4 Bond Strength Determination 

B u t t  and l a p  j o i n t  specimens were prepared from each o f  the m e t a l l i z e d  and 
d i f f u s i o n  bonded f i l m  concepts using the bas ic  j o i n t  con f i gu ra t i ons  g iven i n  
Sect ion 3.1.3. GT-100 and ';T-Xf adhesives were again used. 
t e red  aluminum specimens, the l a p  j o i n t s  were prepared by bonding the two 
m e t a l l i z e d  surfaces together w i t h  GT-100. These were the only  samples i n  
which the pr imary bond was between two m e t a l l i z e d  coat ings.  
j o i n t s  on the m e t a l l i z e d  f i l m s  had one GT-3110 doubler bonded t o  the metal-  

l i z e d  surface and a second bonded t o  the p l a i n  f i l m  s ide.  
concepts a re  shown i n  Fiqure 18. 

For t h e  sput- 

The b u t t  

The j o i n t  

The r e s u l t s  o f  the bond t e s t s  a re  shown i n  Table X V I I I .  The predominant 

mode o f  f a i l u r e  i n  a l l  samples, w i t h  the except ion o f  the B1/2KSBlOtY,Au and 
L1/2KSBlOKAAu ser ies,  was i n  the f i l m  i t s e l f .  The mode o f  f a i l u r e  of t he  
B1/2KSBlOKAAu arid Ll/ZKSBlOKAAu se r ies  ( d i f f u s i o n  bonded 10,000A g o l d  on 

1/2 m i l  Kapton) were termed j o i n t  f a i l u r e s  s ince the f i l m s  separated i n  
the j o i n t  reg ion  a t  the d i f f u s i o n  bonded laye r .  The stresses i n  the j o i n t s  

of these specimens were considerably h igher  than t h a t  i n  o the r  samples which 
accounts f o r  the f a i l u r e  of  the d i f f u s i o n  bond. The t e s t s  were conclus ive 

i n  showing t h a t  very h igh stresses can be developed i n  the f i l m s  p r i o r  t o  
bond f a i l u r e  and t h a t  conventional b ladder f a b r i c a t i o n  techniques would be 
appl i cab l e .  
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FIGURE 25-  RELATIONSHIP OF FILM THICgNESS TO TWIST-FLEX 
CYCLIC LIFE AT -320OF (-195 C) 
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3.3 Advanced Coating Evaluation 

I The purpose of Task 111, Advanced Coating Evaluation, was t o  select  the 
three most promising metallizing concepts from Task I1  for more complete 
evaluation a t  cryogenic temperatures. W i t h i n  this phase of the program, 
film permeability, f lex ib i l i ty ,  bond strength a n d  interply inflation char- 
acter is t ics  were assessed over a temperature range Of +25" t o  -252°C. 

3.2.1 Material Selection 

Based on the results obtained in Task I 1  (Section 3.2) the following three 
materials were chosen for more extensive evaluation. 

1 .  1/4 mil Kapton film, sputter coated with 3000A" gold and laminated 
(Diffusion bonded) 

2 .  1 / 4  mil Kapton film, sputter coated w i t h  5000A" gold and laminated 
(Di ffus i on bonded)  

1/2 mil Kapton film, sputter coated with 3000A" gold and  laminated 
(Diffusion bonded)  

3. 

Vacuum deposited coatings were eliminated from the selection since they 
were not  as effective in reducing permeability as sputter-coated films. 
Vacuum-deposi ted gold on Kapton diffusion bonded laminates had a helium 
permeability ra te  in the order of low1' cc-mm/m -sec-an H9 which i s  the 
same level obtained by sputter coating one side of Kapton film. 
there was l i t t l e  advantage t o  diffusion bonding two films when the same 
results can be obtained by merely applying a sputtered coating rather than  
a vacuum deposited coa t ing .  

2 

Consequently, 

Mylar film, e i ther  plain or metallized, was not as impermeable t o  helium as 
were the Kapton films of comparable thicknesses and  were therefore deleted from 
the selection. Also, Mylar film i s  n o t  amenable t o  the diffusion bonding 

, 
I process; a process which appears t o  be the most effective method of reducing 

permeability. 
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1 0 
The3000A coat ings were evaluated i n  an at tempt t o  increase f i l m  f l e x i -  

b i l i t y  w i t h o u t  s a c r i f i c i n g  impermeabi l i ty  s ince  i t  was determined i n  Task I 1  

The se lec t i on  was a l so  made t o  a i d  i n  es tab l i sh ing  the  minimum th ickness o f  
go ld  t h a t  could be app l ied  and s t i l l  e f f e c t i v e l y  reduce gaseous permeab i l i t y .  

The 5 0 0 0 ~  mate r ia l  was se lec ted  t o  ob ta in  data a t  cryogenic temperatures on 

1 t h a t  the  th ickness o f  the metal 1 ized coat ing had 1 i t t l e  e f f e c t  on permeabi 1 i ty. I 

0 

I t he  t h i c k e r  coat ing.  
1 

3.3.2 Permeab i l i t y  Measurements 

Permeab i l i t y  samples were prepared from each mate r ia l  and tes ted  per  t h e  

procedures s ta ted  i n  Sect ion 3.1.1. Helium permeab i l i t y  r a t e  determinat ions 

were made a t  +25"C, -195°C and -252°C and l i q u i d  hydrogen permeab i l i t y  r a t e s  
were measured a t  -252°C. 
The r e s u l t s  o f  t h e  permeab i l i t y  t e s t i n g  f o r  Task I11 a re  presented i n  Table X I X  

Four r e p l i c a t e  samples were run  f o r  each data p o i n t .  

. - '  

A l l  th ree  f i l m  mater ia lz.  i n  Task I 1 1  had approximately t h e  same order  o f  magnitude of 
permeab i l i t y  b u t  the  3000A go ld  on Kapton ( laminated) appears t o  be s l i g h t l y  
more permeable than the 5000A gold on Kapton ( laminated)  i n d i c a t i n g  t h a t  

5000i  (10,000A when laminated) i s  about the  minimum thickness o f  me ta l l i za -  

t i o n  t h a t  can be app l ied  w i thou t  a f f e c t i n g  t i ie  gas transmission r a t e  through 
t h e  f i l m .  

0 

0 

0 

The 1/4 m i l  Kapton w i t h  5000l gold samples i n  t h i s  task o f  the program had 

a h igher  permeab i l i t y  t o  hel ium gas than d i d  the comparable f i l m  i n  Task I 1  
(nominal ly  vs cc-m/cm - sec - cm Hg). Examining the  sput te red  
surfaces revealed t h a t  the q u a l i t y  o f  t h e  m e t a l l i z a t i o n  i n  t h i s  Task was n o t  
as good as t h a t  obtained i n  Task 1 1 s  P r i m a r i l y  because t h e  spu t te r i ng  
energy was lowered s l i g h t l y  i n  Task I 1 1  t o  minimize f i l m  heat ing.  I n  reduc- 
i n g  the  spu t te r  - energy t h e  densi ty  o f  the  coat ing  was lowered. I n  Task I 1  
i t  was ev ident  t h a t  spu t te r i ng  damaged the  Kapton f i l m  s l i g h t l y  due t o  

l o c a l i z e d  heat ing.  Therefore, t h i s  at tempt was made t o  reduce t h i s  degrada- 
t i o n  and increase t h e  f l e x i b i l i t y  o f  the  f i l m  a t  cryogenic temperatures w i t h  

l i t t l e  o r  no s a c r i f i c e  i n  permeabi l i ty .  
permeab i l i t y  dropped t o  the leve l  obtained w i t h  a vacuum m e t a l l i z e d  coat ing.  
The f l e x i b i l i t y  was increased (see Paragraph 3.3.3). 

2 

The r e s u l t  was, however, t h a t  the 
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3.3.3 F i l m  F l e x i b i l i t y  

Tw is t - f l ex  samples of each laminate m a t e r i a l  were tes ted  a t  -252°C t o  deter-  
mine t h e i r  r e l a t i v e  f l e x i b i l i t i e s  (see paragraph 3.1.2 f o r  procedures u t i l i z e d ) ,  

and the r e s u l t s  are tabulated i n  Table XX . Comparing these r e s u l t s  w i t h  
those shown i n  Table X V I I  f o r  Task 11, reveals t h a t  t he  t w i s t - f l e x  l i f e  o f  

the m e t a l l i z e d  f i l m  laminates, e s p e c i a l l y  t he  1/2 m i l  samples, improved. 
This increase i s  a t t r i b u t e d  t o  the lower s p u t t e r i n g  energy u t i l i z e d  r e s u l t i n g  
i n  less f i l m  degradation. 

3.3.4 Bond Strength Determinations 

Tables X X I  and X X I I  present t,,e r e s u l t s  o f  t h e  b u t t -  an( l ap -  

bond t e s t s  a t  -195°C and -252°C.. As demonstrated throughout the  program a 
very r e l i a b l e  j o i n t  can be made w i t h  the d i f f u s i o n  bonded laminates. 

f a i l u r e s  i n  t h i s  task were mostly i n  the f i l m  i t s e l f  a t  s t ress  l e v e l s  com- 
parable t o  t h a t  obtained w i t h  the p l a i n  Kapton f i l m .  

The 

Conf igurat ions o f  t he  l a p  and b u t t  j o i n t s  are presented i n  Figure 18 . 

3.3.5 I n t e r p l y  I n f l a t i o n  

I n t e r p l y  i n f l a t i o n  specimens (see paragraph 3.1.4) were prepared and tes ted  
a t  -195°C and -252°C.. 

s i o n  times o f  5 and 30 minutes. 

No i n f l a t i o n  was noted a t  e i t h e r  temperature f o r  immer- 

I . I. 

? . .  . .  
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4.0 CONCLUSIONS 
I 

a .  The objective of this  program, t o  establish the feas ib i l i ty  of reducing 
the gas permeability of polymesic films, was accomplished. 
demonstrated t h a t  the diffusion-bonded laminate concept i s  capable of 
reducing the helium or l i q u i d  hydrogen permeability of Kapton and llylar 
films by 3 t o  4 orders of magnitude w i t h o u t  drastically a l ter ing the i r  
f lex ib i l i ty  a t  cryogenic temperatures. Permeability rates as low as 
1 x 
i t y  obtained w i t h  th is  concept appears more dependent upon the quality 
of the applied coating than on i t s  thickness. 
applied coating i s  too  high, the diffusion bonding process can not s ta-  
t i s t i c a l l y  seal a significant portion of the holes and a h i g h  permeabil- 
i t y  rate persists.  

I t  was 

2 cc-mm/m -sec-cm Hg were obtained. The degree of impermeabil- 

If the porosity of the 

b .  The diffusion bonded laminate concept i s  suitable for bladder or component 
fabrication since i t  was demonstrated t h a t  strong reliable jo in ts  car1 ub 

made without affecting the integrity of the film laminate. 
made w i t h  the diffusion bonded laminates were as strong as those made 
with the plain Kapton film and the type of  fa i lure  similar. 

The joints  

c. Metallizing Mylar or Kapton by ei ther  vacuum deposition or sputtering 
reduces the film$ cryogenic f lex ib i l i ty  sl ightly.  
however, t h a t  the diffusion bonding process i t se l f  resulted in further 
reductions in film f lex ib i l i ty .  However, considering the reduction in 
f lex ib i l i ty  due t o  metallization, the twist-flex l i f e  of a Kapton 
laminate was s t i l l  equal t o  t h a t  of plain Mylar of equal thickness. 

There was no evidence 

d .  The laminate concept is  applicable as a barrier ply for polymeric 
expulsion devices, cryogenic insulation systems, and as a space-stable 
bagging material where the combination of low permeability and f lexi-  
b i l i t y  is  important over a wide temperature range. 

i 
. i  

83 

! 



.. . 

5.0 REFERENCES 

1. 

2 .  

3. 

4. 

5. 

6. 

7. 

Contract NAS 3-7952, "Polymeric Expulsion Bladders f o r  L i q u i d  Oxygen 
Systems" NASA CR-72418, J .  T. Hoggatt, June 1968. 

Contract NAS 3-11192, " L i q u i d  Hydrogen Pos i t ive  Expulsion Bladders", 
NASA CR-72432, K. E .  Wiedekamp, May 1968. 

Contract NAS 3-6288, "Development of  Cryogenic Pos i t ive  Expulsion 
Bladders", NASA CR-72115, D. H .  Pope and J .  E .  Penner, January 1968 

Unpublished Boeing Data, 3. T.  Hoggatt, 1969. 

Contract NAS3-7944 "Liners For Non-Metal l i c  Tanks", NASA CR-SY868, 
J .  T .  Hoggatt and L. J .  LJorkman, Jan.  1966. 

R .  P .  Caren, e t . a l .  "Low-Temperature Tensile, Thermal Contraction, and 
Gaseous Hydrogen Permeabi 1 i t y  Data on Hydrogen-Vapor Barr ie r  Materials" 
Advances i n  Cryogenic Engineering, Plenum Press ,  New Yor, p. 171, Vol.10, 
1964. 

R .  F .  Lark, "Cryogenic Pos i t ive  Expulsion Bladders" Journal Macrornole- 
cul a r  Sci -Phys . , BI (4) , 623-637, December 1967. 

84 


